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CC Name: TinaPatel 
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:gl Fax Number: 650.S3S-3699 

ru. Pages transmitted (including cover sheet): 
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As per my Voicernail, enclosed is a copy of the facsimile that was sent to you on September 26, 2001 as 
^ well as a copy of U.S. Patent No. 5,807/715. 



Confidentiality Note? The information transmitted in this facsimile message: is i>ent by an Attorney or his/her agent, is intended to be confidential and for the 
use of only the individual or entity named above. If the recipient is a client, this message may ako be for the purpose of rendering legal advice and thereby 
privileged. If the reader of this message is not the intended recipient, you arc hereby notified that any retention, disseminarion. distribution Or copy of this 
telecopy is shiclly prohibited. IT you have received this facsimile in error, please immediately notify us by telephone and return die original message to as at 
flic address above via the mail service (we will reimburse postage). Thank you. 

Please nOle the LOial number of pages to he transrnitted. If yon do not receive 
the number indicated, please call the Communications Department at (650) S3S-3600. 
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From 

Name: TinaPatel 
Telephone: 650. S3 8 ,3753 

Fax Number: 

Pages transmitted (include 3<P* 
Comments: 

Re. Correction of U.S. Patent No. 5,807/715 
Miss James, 

Per your request, enclosed is a copy of the transraittal letter and related papers that was sent to 
the PTO on June 25, 1999. As you will notice from the papers, two of the errors occur in the title 
and assignee fields of the patent and both of these errors are believed to be the responsibility of 
the PTO. As I previously discussed with you and Miss Watson, 1 understand that because of 
these errors, a new ribbon grant of this patent should be issued once all of the errors are 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Patentees 

Patent No . 
Issued 

On Application 
Serial No* 

For 



Group Art Unit 
Examiner 



Sherie L. Morrison 
Leonard A. Herzenberg 
Vernon T. Oi 

5,807,715 

September 15 r 1998 
08/266,154 

METHODS AND TRANSFORMED MAMMALIAN 
LYMPHOCYTIC CELLS FOR PRODUCING 
FUNCTIONAL ANTIGEN-BINDING PROTEIN 
INCLUDING CHIMERIC' IMMUNOGLOBULIN 
AND FRAGMENTS 

1642 

Julie E, Reeves, Ph.D. 



Hon. Asst. Commissioner for Patents 
Attn: Certificate of Correction Branch 
Washington, D-C. 20231 

REQUEST UNDER 37 C.F.R, § 1.322 AND § 1.323 
FOR ISSUANCE OF CORRECTED COPY OF PATENT 

Sir: 

Enclosed are 8 sheets (in duplicate) of Form PTO- 
1050 listing corrected printing errors that have been found 
in the above-identified patent* None of the corrections add 
new matter. 

Two of the listed errors, believed to be the 
responsibility of the Patent and Trademark Office, are of 
such import that the patentees and their assignees 
respectfully request that in lieu of a certificate of 
correction, the Patent and Trademark Office issue a 
corrected original ribbon grant of the patent, and a 
corrected electronic copy of the patent* 
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First, one assignee, The Trustees of Columbia 
University, New York, New York was omitted. Both assignees, 
The Board of Trustees of The Leland Stanford Junior 
University and The Trustees of Columbia University, were 
listed in Part B-lssue Fee Transmittal (and attached sheet) , 
copies of which are attached as Exhibit A. Also attached, 
as Exhibit B, is the Notice of Recordation, of Assignment 
Document listing Columbia University as an assignee ♦ 

Second, the title as printed on the issued patent 
is in error. The correct title is: 

METHODS AND TRANSFORMED MAMMALIAN LYMPHOCYTIC 
CELLS FOR PRODUCING FUNCTIONAL ANTIGEN-BINDING 
PROTEIN INCLUDING CHIMERIC IMMUNOGLOBULIN AND 
FRAGMENTS, 

as amended in the Second Amendment After Allowance Pursuant 
to 37 C.F.R- § 1.312(a), filed May 18, 1998, and entered by 
the Examiner -on May 22, 1998. . Copies of the Amendment and 
the Examiner' s Response to Rule 312 Communication are 
attached as Exhibit C and D, respectively. 

The two errors described above are those that 
motivate the present request for issuance of a new patent* 
Form PTO-1050 lists additional corrections, most of which 
report clear typographical errors. However, two corrections 
are requested in the claims, meriting additional discussion* 

First, claim 41, as corrected, would depend from 
claim 37, rather than claim 39. Applicants believe that 
this correction is necessitated by incorrect renumbering by 
the Patent and Trademark Office of amended claim 136, filed 
in the Second Amendment After Allowance . 

Second, the requested deletion of two separate 
uses of the word ^are" in each of claims 41 and 42 corrects 
grammatical difficulties present in the claims as issued, 

2 
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and does not add new matter or change the scope of the 
claims . 

Some of the corrected errgrs were made by the 
applicants* Accordingly, enclosed herewith is a check for 
$100.00 in payment of the fee set forth in 37 C*F*R, 
§ 1.20(a), We also request 15 printed copies of the patent, 
if the corrected, patent is issued; - a check in the amount of 
$45.00 to cover the cost of the copies is enclosed. The 
Commissioner is hereby authorized to charge any additional 
fees due, or credit any overpayment, in connection with 
these respective Requests to Deposit Account No, 06-1075* A 
duplicate copy of this Request for Issuance of Corrected 
Copy of Patent is enclosed herewith. 

If any questions arise from the foregoing, the 
Applicants invite an inquiry to the undersigned by telephone 
at (650) 617-4011. 



; n 



Dated: June 25, 1999 



Respectfully submitted, 

Vicki S. Veenker 
Registration No. 34,269 
Attorney for Patentees 



Attachments : 



c/o FISH & NEAVE 

1251 Avenue of the Americas 
New York, New York 10020 
(650) 617-4000 



I hereby Certify that trt$ 
CofTOspcwfenoo b being 
Deposited wfth the US. 
PoatdServtoeasFW 
OasaMellnanErr^lopa 
Addressed to; ASSISTANT 
COr^lSSIO^FORFWBtfB 

washnotchdjd. aa2di.CN 



Exhibit A 

Part B-Issue Fee Transmittal, Form PTOL-85B, and 
attached sheet, applic, ser, no. 08/266,154 

Exhibit B 

Notice of Recordation of Assignment Document, 
applic. ser. no. 07/090,669 
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Attachments (cont.) : 

? 

Exhibit C 

Pages 1 - 8 of Second Amendment After Allowance, 
May 18, 1998, applic. ser. no. 08/266,154 

Exhibit D 

Response to Rule 312 Communication entering Second 
Amendment After Allowance, applic. ser. 
no. 08/266, 154 

Enclosures : 

PTO-1050 (8 sheets, in duplicate) 

Check in the amount of $100.00, for providing a 
certificate of correction under 37.C-F.R, § 1,323. 

Check in the amount of $45.00, to cover the fee 
for 15 printed copies of the corrected patent. 
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EXHIBIT A 



Part B-Issug Fee Transmittal, Form PTOL-85B, 
and attached sheet, applic. ser. no. 08/266,154 
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« * PARTE— ISSUE FEE TRANSMITTAL 

.Complete and mail this form, together with applicable fees, to: Bqx ISSUE FEE 

Assistant Commissioner for Patents 
Washington, D_C. 2023f ■ 



MAILING MSTHUCWONS: This form shourd be used for transmitting ih© ISSUE F££_ Blocks 1 
through 4 should be completed where appropriate. Afi further correspondence including the Issue Fee 
flecelpt. the Patent, advance orders and notification of maintenance fees win be mailed to the current 
correspondence address as indicated unless corrected below or directed otherwise in Block; 1 4 by (a) 
specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 


Nolo: The certificate of malting below can on(y be used tor docnestic 
mailings of the issue Fee Transmits This certificate cannot be used 
for any a tner accompanyi ng papers. Each additional papa r such as an 
assignment or formal drawing, must have its owm certificate of fnaJfing. 

Certificate 0 f Mailing 
1 hereby certify thai this Issue Fee Transmittal is being ocposfted with 
the United Stales Postal Service whh sufficient postage for first class 
man In an envelope addressed to the Box issue Fee address abovn on 
the date Indicaled below. 


CURPCNT CORRESPONDENCE ADDRESS (Nate: UglWv maric-up wttft arty corrections <w u«o ©lock 1 J 

HW31/G2IS 

VICKI S VEENKER 
FISH & NEAVE 

1251 AVENUE OF THE AMERICAS 
NEW YORK NY 10020 






APPLICATION NO. HUNG DATE | TOTAL CLAIMS j EXAMINER AND CROUP ART UNIT DATE MAILED :' 




Ht*N^U^^bk, lb4 0o/27-/3'4 er^ff REEVEG> J X£^2. U'7/^F,/^P l . 

Applicant 

■~r,r-^ hdnt^F? Tj^nw _ !?rifc,r\- j.t L. ~= ' ' — ■ — - 



INVENTION 



flSTHODS FOR PRODUCING FUNCTIONAL IWMUNO^fe-OBIN, INCLUDING* CHIMERIC 
j^WUNOGLOBIN, IN TRANSFORMED MAMMALIAN LYMPHOCYTIC CELLS 
kks ftMEN&Eft) ' 



ATT^S DOCKET NO. - 



CLASS-SUBCLASS 



BATCH NO. 



APPLN.TYP£ | SMALL ENTTTy" 



FEE DUJ= 



oate cue 



Tcha^oaS^^ 

Use of PTt^tofrn(s) and Customer Number are recommended, but no! required. 

□ Change^ correspondence address (or Change of Correspondence Address farm 
PTO/sarldb attached. 

□ "Fee Address" indication (ar*f=ee Address" Indication form PTO/SB/47) attached. 



or prim 



ILITY 



2< For printing on the patent Ironl page , list 
(t) the names of up to 3 registered patent 
attorneys or agents QR 4 alternatively. (2) 
the name of a slngfe firm (Having as a 
member a registered attorney or agent) 
and the names of up to 2 "registered patent 
attorneys oragents. If no name Is listed, no 
name be printed 



1 Fic:h i KToaTrp 



Vicki S. Veenk er 
Edward F , Mullowne 



3. ASSIGN^^MAME AND RSSIDENCE DATA TO B£ PRINTED ON THE PATENT (print or type) 
PLEASe KOTEl Unless an assignee Is Identified below, no assignee data will appear On the patent. 
inclusion oJtJassiQfice dala.is only appreciate when an assignment has been previously submitted to 
the PTO o?ls being submitted under separate cOvbt. Campletion of this form is NOT a suhsititue lor 
filing an asslgnmenL ' 

(a) name of assigned* T ^e Board of Trustees of 
The Leland Stanford Junior Universitv 

(B) RSSIOENC& (CITY & STATE OR COUNTRY) 

Stanford,. California 

Please check the appropriate assignee category Indicated below (will not be printed on the paten I) 
□ Individual 9^ corporation or other private group entity □ Government 




4a. The following fees are enclosed (make check payable to Commissioner 
of Patents and Trademarks): 

13 Issue Fee 

CX Advance Order - H of Copies ^ 5 



«b. The following fees or deficiency In mese fees should be charged to: 
DEPOSIT ACCOUm- NUMBFR ^ 06- 1 0 7_5 



(ENCLOS^ AN EXTRA COPY OF THIS FORM) 
Q Issue Fee 

□ Advance Order - fl of Copies _ 



AND TRADEMARKS IS icquested to apply the Issue Fee to ihe application identified above. 



> L 3V. Ysr/rt/ f? 



o( be accepted (mm anyone Other than the applicant- a registered attorney 
or agent or the assignee or other party In interest as shown by ihe records of the Patent and 
Trademark Office. 



Burden Hour Statement; This fortn is estimated to take 0.2 hours to complete. Time Will vary 
depending on the needs of the. individual case* Any comments on the amount of time required 
to complete this form should be sent to the Chief Information Officer. Patent and Trademark 
Office, Washington. D.C. 20231. DO NOT SENO FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, Assistant Commissioner for 
Patents. Washington D.C. 20231 

Under Ihe Paperwork Reduction Act of 1995. no persons are required to respond to a collection 
of Information unless it displays a valid OMB control number. 



*See attached sheet for second 

ITO«§fiASftS8 j ~ ■ 



TRANSMIT THIS FORM WTTH FEE 
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Additional Assi gnee Name and Residence Data To he Printed on the Paten t 

(A) Name o f Assignee The Trustees of Columbia University 

(B) Residence: (City & State or Country) 
New York, New York 

[ ] Individual [X] Corporation or other private group entity [ ] Government 
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EXHIBIT B 

Notice of Recordation of Assignment Document, 
applic. ser. no, 07/090,669 
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UNITED STATF<? DEPARTMENT OF COMMERCE 
Patent and T. ark Office 

ASSISTANT SECRETARY AND COMMISSIONER 
OF PATENTS AND TRADEMARKS 
Washington. D,C. 20231 



RECEIVED 



TO: LEYD1 G p V0IT I MAYER 




350 CAMBRIDGE AVENUE 
SUITE 200 



PALO ALTO, CA 9^306 



LEYDlG. VOtT II MAYGfc 
PALO ALTO 



UNITED STATES PATENT AND TRADEMARK OFFICE 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 



THE ENCLOSED DOCUMENT HAS BEEN RECORDEp BY THE ASSIGNMENT DIVISION OF 
THE U,S, PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 
- AVAILABLE AT THE U.S. PATENT AND TRADEMARK OFFICE ON THE REEL AND FRAME - 
NUMBER REFERENCED BELOW. A DIGEST OF THE DOCUMENT HAS ALSO BEEN MADE 
AND APPEARS IN THE OFFICE'S RECORDS AS SHOWN: 

ASSIGNOR; 001 MORRISON, 5HER I E L, DOC DATE: 10/17/87 

^ICORDATION DATE: 11/16/87 NUMBER OF PAGES 002 REEL/FRAME JUS3O/O958 
K|gEST: ASSIGNMENT OF ASSIGNORS INTEREST 

fijsiGNEE: 501 TRUSTEES OF COLUMBIA UNIVERSITY IN THE CITY OF NEW YORK, 
mt t BROADWAY AND WEST 1 1 6TH STREET, NEW YORK, NEW YORK, 
#027, A CORP, OF NEW YORK . 



SERIAL NUMBER 7-O90669 FILING DATE O8/28/87 
PATENT NUMBER ISSUE DATE 00/00/00 

XlTLE.Of INVENTION: CHIMERIC RECEPTORS BY DNA SPLICING AND EXPRESSION 

fflVENTOR: 001 MORRISON, SHER1E L . 
- INVENTOR: 002 HERZENBERG, LEONARD A. 
INVENTOR: 003 01, VERNON T, 
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EXHIBIT C 

Second Amendment After Allowance, 
May 18, 1998, appllc, ser. no. 08/266,154 
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BD1 CIP FWC IV 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant : Sherie L. Morrison et al. 

Serial No. : 08/266,154 

Filed : June 27, 1994 

For : METHODS FOR PRODUCING FUNCTIONAL 

IMMUNOGLOBULIN, INCLUDING CHIMERIC 
IMMUNOGLOBULIN, IN TRANSFORMED 
MAMMALIAN LYMPHOCYTIC CELLS 

Group Art Unit ; 1806 

Examiner ; Julie E. Reeves, Ph.D. 

Hon. Assistant Commissioner 

for Patents 
Washington, D.C. 20231 

May 18, 1998 

SECOND AMENDMENT AFTER ALLOWANCE 
PURSUANT TO 37 C.F.R. 1 .3 1 2(a) 

Sir: 

Applicants request approval under Rule 3 12(a) for entry of the following 
amendment without withdrawing the case from issue. 

IN THE TITLE. 

Please replace the current title with: 
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METHODS AND TRANSFORMED MAMMALIAN LYMPHOCYTIC CELLS FOR 
PRODUCING FUNCTIONAL ANTIGEN-BINDING PROTEIN INCLUDING 
CHIMERIC IMMUNOGLOBULIN AND FRAGMENTS 

IN THE CLAIMS 

Please amend claims 129-131 and 134-137 as follows: 

129. A method as recited in claim 126 wherein [each] the first chain 
comprises a constant region- 
ISO. A method as recited in claim 126 wherein the heavy and light chain 
variable domains are from [domain is found in] a first mammalian species and the heavy 
and light chain constant domains are from [domain is found in] a second mammalian 
species, said second mammalian species being other than the first mammalian species, 

131. A method as recited in claim 129 wherein the heavy and light chain 
variable domains are from [domain is found in] a first mammalian species and the heavy 
and light chain constant re gions are from [region is found in] a second mammalian species, 
said second mammalian species being other than the first mammalian species, 

134, A method as recited in claim 132 wherein prior to step (a) the cell 
endogenously produces an immunoglobulin light chain or an immunoglobulin heavy chain, 
[which endogenously-produced heavy chain is not secreted in a form capable of 
specifically binding to antigen,] but not both. 

135. A method as recited in claim 132 wherein [each] the first chain 
[has] comprises a constant region, 

2 
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] 36. A method as recited in claim 132 wherein the antigen-bind ing 
protein, [immunoglobulin] comprises the heavy and light pterin variable domains ^ frnm 
[domain found in] a first mammalian species and comprises the heaw and light chain 
constant doming pre from [domain found in] a second mammalian species, said second 
mammalian species being other than the first mammalian species. 

137. A method as recited in claim 135 wherein the antigen-binding 
protein [immunoglobulin] comprises the heaw and light chain variable domains are from 
[domain found in] a first mammalian species and comprises the heaw and light chain 
constant regions are from [region found in] a second mammalian species, said second 
mammalian species being other than the first mammalian species. 



Please add the following claims 138-157. 

138. A method for producing a functional antigen-binding protein 

comprising 

i) a first chain comprising an immunoglobulin heavy chain variable 
domain and an immunoglobulin heavy chain constant domain and 

ii) a second chain comprising an immunoglobulin light chain variable 
domain and an immunoglobulin light chain constant domain, 

wherein the method comprises the steps of: 
(a) maintaining in a nutrient medium a transformed mammalian 
lymphocytic cell, said cell having been transfected with a first DNA molecule 
coding for the first chain of the protein and a second DNA molecule coding for the 
second chain of the protein; 



3 
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(b) expressing from said cell the first and second chains functionally 
assembled together to form said protein which is then secreted in a form capable of 
binding antigen; and 

(c) recovering said antigen-binding protein, 

wherein prior to being transfected, the cell does not express a functional 
immunoglobulin capable of specifically binding antigen, 

139. A method as recited in claim 138 wherein prior to step (a) the cell 
does not endogenously produce any immunoglobulin chains. 

140, A method as recited in claim 133 wherein prior to step (a) the cell 
endogenously produces an immunoglobulin light chain or an immunoglobulin heavy chain, 
but not both. 

141, A method as recited in claim 138 wherein the first chain comprises 
a constant region. 

142, A method as recited in claim 138 wherein the heavy and light chain 
variable domains are from a first mammalian species and the heavy and light chain 
constant domains are from a second mammalian species 7 said second mammalian species 
being other than the first mammalian species. 

143. A method as recited in claim 141 wherein the heavy and light chain 
variable domains are from a first mammalian species and the heavy and light chain 
constant regions are from a second mammalian species, said second mammalian species 
being other than the first mammalian species. 

144. A transformed mammalian lymphocytic cell producing a functional 
antigen-binding protein comprising 

4 
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i) a first chain comprising an immunoglobulin heavy chain variable 
domain and an immunoglobulin heavy chain constant domain and 

ii) a second chain comprising an immunoglobulin light chain variable 
domain and an immunoglobulin light chain constant domain, 

wherein the transformed mammalian lymphocytic cell comprises: 

(a) a first exogenous DNA molecule coding for the first chain of the 
protein; and 

(b) a second exogenous DNA molecule, said second DNA molecule 
coding for the second chain of the protein; 

wherein without the exogenous DNA molecules the cell does not express a functional 
antigen-binding protein. 

145. A transformed mammalian lymphocytic cell as recited in claim 144 
wherein without the exogenous DNA molecules the cell does not.endogenously produce 
any immunoglobulin chains. 

146. A transformed mammalian lymphocytic cell as recited in claim 144 
wherein without the exogenous DNA molecules the cell endogenously produces an 
immunoglobulin light chain or an immunoglobulin heavy chain, but not both. 

147. A transformed mammalian lymphocytic cell as recited in claim 144 
wherein the first chain comprises a constant region, 

148. A transformed mammalian lymphocytic cell as recited in claim 144 
wherein the heavy and light chain variable domains are from a first mammalian species and 
the heavy and light chain constant domains are from a second mammalian species, said 
second mammalian species being other than the first mammalian species. 



5 
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149. A transformed mammalian lymphocytic cell as recited in claim 147 
wherein the heavy and light chain variable domains are from a first mammalian species and 
the heavy and light chain constant regions are from a second mammalian species, said 
second mammalian species being other than the first mammalian species, 

150. A transformed mammalian lymphocytic cell producing a functional 
antigen-binding protein comprising 

i) a first chain comprising an immunoglobulin heavy chain variable 
domain and an immunoglobulin heavy chain constant domain and 

ii) a second chain comprising an immunoglobulin light chain variable 
domain and an immunoglobulin light chain constant domain, 

wherein the transformed mammalian lymphocytic cell comprises; 
a plasmid comprising a first exogenous DNA molecule coding for the first 
chain of the protein and a second exogenous DNA molecule, coding for the second 
chain of the protein; and 
wherein without the exogenous DNA molecules the cell does not express a functional 
antigen-binding protein. 

15 L A transformed mammalian lymphocytic cell as recited in claim 150 
wherein without the exogenous DNA molecules the cell does not endogenously produce 
any immunoglobulin chains. 

152. A transformed mammalian lymphocytic cell as recited in claim 150 
wherein without the exogenous DNA molecules the cell endogenously produces an 
immunoglobulin light chain or an immunoglobulin heavy chain, but not both. 



6 
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153. A transformed mammalian lymphocytic cell as recited in claim 150 
wherein the first chain comprises a constant region, 

154. A transformed mammalian lymphocytic cell as recited in claim 150 
wherein the heavy and light chain variable domains are from a first mammalian species and 
the heavy and light chain constant domains are from a second mammalian species, said 
second mammalian species being other than the first mammalian species. 

1 55. A transformed mammalian lymphocytic cell as recited in claim 1 53 
wherein the heavy and light chain variable domains are from a first mammalian species and 
the heavy and light chain constant regions are from a second mammalian species, said 

2g second mammalian species being other than the first mammalian species. 

--S3 U 

m I 56 - A transformed mammalian lymphocytic cell produced by steps (a) 

and (b) of claim 126. 

5 1 57 ; A transformed mammalian lymphocytic cell produced by step .(a) of 

claim 132. 
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REMARKS 

Applicants believe claims 138-157 are fully supported by the specification 
and respectfully request their entry and allowance. 



Respectfully submitted, 




Registration No. 27,459 
Vicki S. Veenker 
Registration No. 34,269 
Attorney for Applicants 

cfo FISH & NEAVE 

1251 Avenue of the Americas 
New York, New York 10020-1 104 
Tel.: (212)596-9000 
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EXHIBIT D 



Response to Rule 312 Communication entering 
Second Amendment After Allowance, 
applic- ser, no. 08/266, 154. 
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UNITED STA 5 ^ -PARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER Or PATENTS AND TRADEMARKS 
Washington, D.C. 20231 



| APPLICATION NO, | HUNG DATE 



FIRST NAMED INVENTOR 



X ATTORNEY DOCKET NO. 



r 



HM2 1/rro-..;-:; 



1 VJ(;|:;j S Vt-.l:;WKrr.F< 
FI3H .V WEAVE 

31 3^ A AViiriUL 01- Tl if . AftS W\ i 



EXAMINER 


waives. 




| ART UNIT 


PAPER NUMBER 


1 /:-42 




DATE MAILED: 









Please find below and/or attached an Office communication concerning this application or 
proceeding. 

S Commissioner gf Patents and Trademarks 



RECEIVED . ■ ■,.< mvm * b A 

ORIGJCOPY 

mtim SENT TO 4 

«SKSS^SZ!fL CALIFORNIA 

NOTED BY — BY A) cf J ,1 



"US GPO 1997^11 7 -3S1J6271S 



2 - Mail Copy 
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Response to Rule 312 
Communication 


Application No, 
08/266,154 


Appffcant(s) 

Morrison est si 


txa miner 
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ABSTRACT 



Methods for producing functional immunoglobulin arc pro- 
vided. The methods involve transfecting aod expressing 
exogenous DNA coding for the heavy and light chains of 
immunoglobulin. In some embodiments, chimeric immuno- 
globulins arc provided having variable regions from one 
species and constant regions from another species by linking 
DNA sequences encoding For the variable regions pf the 
light and heavy chains from one species to the constant 
regions of the lighi and heavy chains respectively from a 
different species. Introduction of trie resulting genes inlo 
mammalian host cells under conditions for expression pro- 
vides for production of chimeric immunoglobulins having 
the specificity of the variable region derived from a first 
species and the physiological functions of ihc constant 
region from a different Species. 
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METHODS AND TRANSFORMED FIG, 2 is a schematic diagram of chimeric human IgG 

MAMMALIAN LYMPHOCYTE CELLS FOR anti-DNS expression vectors, 

PRODUCING FUNCTIONAL ANTIGEN- 
BINDING PROTEIN INCLUDING CHIMERIC DESCRIPTION OF THE SPECIFIC 
IMMUNOGLOBULIN J EMBODIMENTS 

Novel methods and compositions arc provided, for pro- 
This is a continuation of application Scr, No. 07/893,61 0 ? auction of polypeptide products having specific binding 
filed Jim, 3, 1992, now abandoned, which is a compilation affinities for a predetermined ligand and predetermined 
of application Ser. No. 07/675,106, filed Mar. 25, 1991, now biological, particularly physiological, properties, each of 
abandoned, which is a continuation of application Ser. No, 10 which Rrc noT nofmari y associated with the blading region 
07/441,189, filed Nov. 22, 1989, now abandoned, which is peptide sequences. Particularly, multi-siibunit chimeric 
a continuation of application Scr. No. 07/090,669, filed Aug. receptees arc provided which result from fused genes having 
28, 1987, now abandoned, which is a continuation-in-pert of ^ portion of the polypeptide involved with binding of a 
application Ser. No- 06/644,473, filed Aug. 27, 1 984 now prtJ deterrrrincd ligand having an amino acid sequence sub- 
abandoned. 15 sian ti a iiy the same (>90% conserved) as an amino acid 
BACKGROUND OF THE INVENTION sequence having the same function from one host, while ihe 
hauKjKUUND Ul< JHt iNVtoiN .uuin portion involved with providing structural stability, as well 

1. Field or the Invention aS oloeir biological functions, being analogously derived 
Naturally occurring receptors, such as immunoglobulins, nQ & ° L m a <^rent host. Th» resulting composition can be 

enzymes, and membrane proteins have seen an extraordi- Clthcr an mtcr- or mtraspecie, chimera. At least two fused 

nary expansion in commercial applications over the last S CD ^ a r re evolved, which genes are introduced into an 

decade, With ihe advent of monoclonal antibodies, the a PP m P n a ' c c ^aryouc .hosi under ^nditious for expression 

usefulness c>r immunoglobulins has been greatly expanded ^ whereby the lused genes arc expressed and 

and in many situations has greatly extended prior use* 2 < thc resiilting subunus bound together, resulting ™ an 

employing polyclonal antibodies. However, in many ™wblcd chimeric receptor. 

applications, the use of monoclonal antibodies is severely The receptors prepared in accordance with the subject 

restricted where the monoclonal antibodies are to be used in invention will be muld-subunil, where the units arc held 

a physiological (in vivo) environment. Since, for Ihe most together either by nou-covalcnt binding or a combination of 

part, inonciclonal antibodies arc produced in rodents, e.g., 30 non-covalent and covalent binding, particularly disulfide 

mice, the monoclonal antibodies are immunogenic to other linkages through cysteine, and having ai least one binding 

species usually at least two binding sites, and not more than 

While the constant regions of immunoglobulins are not b ^ S * €S - ^ include both 

involved in ligand binding.the constant regions do nave a ™ a r T " Cel ^ r " T ep w° r T % Tfr P?" 1 ^ 1 " 1 ^ 

number of specific fiinctions, such as complement binding. 35 immunoglobulins, such as IgM IgG, Ij^ IgD and IgE as 

immunogenic^, cell receptor binding, and the like. There ™* * vari0 ^ subtypes of the individual groups. The 

will, therefore, be situations where it will be desirable to ^ght chain ma V ^ * ™ X " ^ hoavv ch ^ flS afc rtCcTTed 10 

have constant regions which bind to cells or proteins from a ^ ^ Y * a ' ' in € " 

particular species having binding regions for a particular ^ discussing the two regions of each subunii, the two 

ligand. 40 rc fii° uS ke referred to as "variable" and "constant" by 

r> n i 4 t ~t *_ analogy to immunoglobulins. The variable region is ihe 

2. Relevant Literature . . . . . , j < * 

region involved with hgand binding and, therefore, will v ary 

Kwan ct al.. J. Ezp- Mod (19S1) 153:1366-1370 and in con f ormat i on and amino acid sequence depending upon 

Clarke ct al., Nucl. Acids Res, (19(52) 10:7731-7749 ^ ligand _ llw region ^ U!5ual i y bc composed of a 

describe and exons from the roousc phosphocholine- plurality of smaUer regions (hypervariablc or complemen- 

hmdjng antibody-producing S107 myeloma cell line. Oi ct laTy determining regions), involving a region having as its 

al., Pwc. Natl Acad. ScL USA (19S3) 80:825-529, report primary function binding to the ligand (V) and a region 

thai the mouse light chain gene is not expressed efficiently ^pdaied with joining the V region to tie constant region, 

in a rat myeloma cell. tnc joining re gion (J). There may also be a hypervariable 

SUMMARY OF THE INVENTION 50 "gion joining the V and J regions, the diversity region (D). 

fhese regions are related to gene segments observed in the 

Chimeric multi-subiuiir receptors are provided, where genes encoding immunoglobulin variable regions, 

each of the sub-units is an expression product of a [used gene. The constant region will not be associated with ligand 

Each fused gene comprises a DNA sequence from one host binding and will be relatively limited in the variations in its 

species encoding the region involved with ligand binding 55 conformation and amino acid sequence within any one 

joined to a DNA sequence from a different source, cither the species and within any one class, eacb class generally having 

same or a different host species, encoding a "constant" from 1 to 4 subclasses. Each constant region is specific fur 

region providing a structural framework and biological. a species. Within the classes there will be allotypes, indi- 

properlkb. Introduction of the fused gcuea» into an appro- vidual polymorphisms within a class within a species, 

priatc cukaryolic host cell under conditions for expression 6Q Tqc . var jble region of the immunoglobulins will bo 

and processing provides for a functional assembled mulli- derived from a convenient mammalian source, which may 

SUbunit receptor product. ha a ro dent, e.g., mouse or rat, rabbit, or Other vertebrate, 

BRIEF DESCRIPTION OF TIIE DRAWINGS ^T^' °- f 

■^ ^j^v^-l ixw A y bulms. The constant region of the mimunoglobulin, as well 

FIG- 1A is a schematic diagram of the chimeric mouse* 65 as the J chain for IgM and TgA (nor the same as the J region 

;human heavy chain gene vector; and FIG. IB is the chi- of the heavy or light immunoglobulin chain), will be derived 

meric light chain vedor. from a vertebrate source different Crom the source of the 
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variable region, particularly a mammalian source, more selected from the naturally occurring inLran sequence asso- 

particularly priniate or domestic animal, e.g., bovine, ciated with the J region. In some instances it will be 

porcine, equine, canine, feline, or the like, and particularly, necessary io provide adapters Lo join the intron or truncated 

humans. The different source of the constant region can be intron to the constant region. By cleaving within the inirxin, 

either from a different species or from the same species as 5 the variable region will be separated from its natural con- 

thc mammalian source utilized to provide the variable ^nl re gion, 

region- Thus, the constant region of the receptor will nor- Alternatively, it may be desirable to have ihe fused gene 

mally be chosen in accordance with the purpose of the &ee 0 f the intmn between the variable and constant regions, 
receptor. For example, where the receptor* to be introduced ^ y tcrminxi5 ^ bc al or ^ ±t ioining regidn _ 

into the host, the constant portion will be selected so as to 10 NormUy aU or a porlion of , hc j reg j on will be associated 

minimize the immune response of the host lo the receptor wiLh llw bogt providing mc variable region. By restriction 
and to optimize biological efficiency, such as complement me 0T sequencing 0 f the 3 region, one can 

fixation or physiological half-life (calabolism). Where the geleci for a nicuUr silc for ±Q y teiminus of me variable 

receptor is to bind to particular cell membrane surface re rri on 

receptors, the constant region will be chosen in accordance 15 A " , . , , 

. . « , * , * % 3 Alternatively, one can use an exonuclease and by employ- 

with the host of the receptor reckon site. i^yarykg perils ei rdi ges rio^on e can provide for varyi 

The fused gene derived from the two host source . wjl .bt y ^J^ hidb CBn thc S n bc vscd £or ^ t0 me conS U 
prepared by jo.mng the of a sequence ^ ^ madc for a functioaal duct in a 

constant regton in rcadn^ frame 10 the y-end <£ * ^£>» v * iery of ways . For BJHmplc , where joining of the variable 
encoding the variable reg,on. (In rcfcmng to 5 or 3 for a 20 » ^'conslanl region results in a unique restriction 

double strand, the direclion of tianacopbon a with 5 being ^ ^ ^ DNA 5 ^ screened for ^ 

upstream from 3;.) With irnmunogtobuhns, two fused I genes ^ ^ ^ restrictio * sitc . 

will be prepared, one for the light chain and one tor the * - , - , r t i • ui . • i j 

heavy chair! With T«U receptors, the two fused genes will Alternatively, n may be found durable to ,nctode an 

beforeachof the two chains involved in the formation of the 25 adapter or -baker to jom the viable region to the constant 

T^cell receptor. The DNA sequences employed for prepar- W». where the adapter or linker may have the same or 

tion of the fused gene may he derived from a variety of substantially the same sequence usually at least substan- 
3 sources. These sources incite genomic DNA, cDNA, syn- U» ^ -4™, " WA sequence of the two 

thetic DNA, and combinations thereof. The genomic DNA fragments adjacem the juncUire. Tbe adapter or linker wdl 

may or may not include naturally occurring introns. 30 be selectad "° , as 10 ?° ^ Ht ^ aen » » 

' , ' , . , . , , * ,k* common reading frame. Furthermore, by employing 

The DNA obtained from natural I sonre* ; ™»g ^ ad J fldd aDadc , itiona i dog(eeofvari ^> 

genornicDNAoraDNA,mayb B obt«ned^ ^binding affinity of the chimeric receptor, by providing for 
ways. lost cells ceding far the , fend sequence may be ^ * ^ ^ ^ ^ * b 

isolaied, the genomic DNA may be fragmented, conve- * " , 

nienUy by one or more restriction cndonucleases, and the 3S The jormng of the varions tragments is performed m 

resulting fragments may bc clooed and screened with a accordance with conventional techniques, employing blunl- 

probe for the presence of ibe DNAscqucnce coding for the «dcd or aaggcred-ended termini tor ligation, restriction 
polypeptide sequence of interest, for the variable region, the digestion to provode for appropna e termici, filhng 

rearranged ^rmKne heavy chain DNA ■will include V, D, ™ "C cohesive ends as appropriate, alkahne phosphatiise 

and Jregiorii, including the leader sequence, which may be 4D treatment to avoid undesirable joining, and hganon with 

bub^equenlly removed as well as any introns. The rearranged appropnatc hgascs. 

gcrmline Ugbt chain coding DNA will include the V and J For cDNA, the cDNA may bc cloned and the resulting 

regions including the leader sequence, as well as any introns clone screened with an appropriate probe for cDNA coding 

which may be snbsequendy removed. The particular source for the desired variable or constant region. Once the desired 

of the exons defining the domains and the manner of 45 clone has been isolated, the CDNA may be manipulated in 

splicin^, where introns are present, is not germane to this substantially the same manner as the genomic DNA. 

invention. Once ihe doned fragment has been identified However, with cDNA there will be no introns or intervening 

which contains the desired DNA sequence, this fragment sequences. The cDNA is cleaved al or near the juncture of 

may be further manipulated to remove superfluous DNA, the variable region with the constant region so that the 

modify one or both lennini, remove all or a portion of so variable region is separated from the constani region and the 

intervening sequences (introns), or the like. desired region retained. Where a convenient restriction site 

In providing a fragment encoding the variable region, it exists, the CDNAmay be digested to provide for a fragment 

will usually be desirable to include all or a portion of the having tbe appropriate terminus. Ihe restriction sue may 

intron downstream from the J region. Where the intron is provide a satisfactory sitc or bc extended with an adapter, 

retained it will be necessary that there be runownil splice 55 Alternatively, primer repair may be employed, where far the 

iiceeptor and donor sequences at the intron termini. The gene variable region a complementary sequ ence to the site of 

sequence between the J Coining re 6 ion) and the constant cleavage and successive Duclcondcs m die 3' direction or the 

region of the fused geoe may be primarily the intron complementary sequence is hybridized to the sense strand of 

sequence associated with (1) the constant region, (2) the J the CDNA and the nonsense strand replicated beguning 

region or CO portions of each. The last may be a matter of eo *nfc me primer and remnval of the single-slranded DNAof 

convenient where there is a convenient restriction sitc in The sense strtnd 3' from the pnmer. The reverse is true for 

the introns from the two sources, in some instances, all or a ihe constant region. Other techniques may also suggest 

portion of the intron may be modified by deletion, nucleotide themselves. Once ihe fragment has been oblamed hav,ng the 

substitutions) orinsertion, to enhance ease of manipulation, predetermined 3' or 5' terminus, as appropriate, lt may then 

expression, or the like. When the variable region is chosen as be employed for Joinine to the other region, 
to be syngeneic with the host cells employed for expression, Finally, one or both of the regions may be synthesized and 

all or at least about 80% of the intron sequence can be cloned for use in preparing the fused gene. For the most pan, 
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the same or substantially the same constant region can be J is a segment coding for the joining region; 

repetitively used, so that a library or constant regions may be Vi and Di are introns associated with the letter-indicated 

established which can be selected for joining to variable coding segment* having rrinciional donor and acceptor splic- 

rcgions. Thus, the constant regions would have an appro- jng gitcs; 

priaic 5' terminus for joining directly or through an adapter 5 a , b and c arc the same or different and arc 0 or 1, wherein 

to a variable region. when b is 0, c is 0; a, b, and c arc all preferably 0; 

In order for expression of ihe fused gene, it will be I is an intron which may be naturally contiguous to the J 

necessary to have transcriptional and translation^ signals segment or narurally contiguous to the C domain or a 

recognized by an appropriate eukaryotic host. For the most combination of fragments from both, or a fragment thereof, 

part, desirable eukaryotic hosts will be mammalian cells 2Q desirably iiacluding an enhancer sequence functional in said 

capable of culture in vitro, particularly leukocytes, more expression host, or 1 may be foreign in whole or in part to 

particularly myeloma cells, or other transformed or onco- i ne j and C segments; 

genie lymphocyte, c,g,, EBV transformed cells. d is 0 or 1 (preferably 0); 

Alternatively, non-mammalian cells may be employed, such c is the constant domain and may code lor a ^ v. °> or 

as fungi, eg., yeast, filamentous fungi, or the like. ^ ^ preferablv ^ y , or a, usually including at least 80% 

The "DNAsequence coding for the variable region may be Qf ^ ( ^ |Tialant sequence, and may be the same as cr 

obtained in association with the promoter region trorrj & modified naturally occurring allotype or an altered con- 

genomic DNA. To the extent that Ihe host cells recogm^ die encoding an improved protein sequence- and 

irar^-riph-onal regulaiory and transanal imUaLiOn ■ ignaU J- 1 ion ^ 

Sle^eSS^^ » fa.«n«W^ 

variaoie region cooing ^qucn^ ' trsiwcrin- may be naturally associated with C or may be joined to C, 

ss SSs=Sff p & , tz*rk ih ° tzFZZt" 9 b " ngalleast 

1 , , rfl ta ( , , M1 - u l 1m about 100 bp and may be 1 lebp or more. 

Motion oixnnsJ^n^U^titm.sach IS <hoTX£A 25 hn,ge region or other ^muaoglobuhn consul region 

bS^Sg^SS* CAAT sequence and the like. Usu- domains can aba be prepared, in like manner to the r^d,- 

£±™?I*Zin<> iquence wM be a! least 150 bp . more BM» deseed above in which ca* : ihe ^"1"*"* 

SI at least 200 bp. Lally not exceeding about 2 kbp, ■* above bit with the range region of the constant 

more usuany not exceeding about 1 khp ^Su^fa^St diUW subu.is may be 
The non-codniE ^.3 . to ihe constan ^ ^ 30 joincd togctllcr Co form a sirjglc DNA sclent or may be 

^^„^^JS3SJ2ffl f-^. - ^ by memseIves M 111 C0 °- 

by retting the 3 '-regic,n naturally contiguous to . DNA ^ may be introduced into a cell by 

sequence coding, for the constant 35 ^formation in conjunction with a gene allowing for 

terminate signals may be provided for .he fused gene. ^ j become integrated into the 

Where the transcriptional termination signals are not sans- ° e,B,aim wncrE * 

factory fimctiomd in ihe expression host cell jhea , a J °* Renumber of vectors are available or can be readily 

region functional in the host cell may be substituted. Aifligcuuui , 

ConveniS toe non^oding 3' region may be obtained P^P™ 1 ~*» ch P ravlde r « °*P™" ™ a ^ ^ 

Conveniently, tne non^ocun b j reyuu / maintenance as an extrachroniosomal element or by inte- 

tom a non-coding co^guous 3 «8**°f« ™, into the host genome. For a mammalian host, a wide 

from the expression host. The ^non-coding region may bo b £ oq viral Ucadoa 

joined to the constant region by any of the .means iterated « ^ 

prcviouslyforma^ulaaonandligatjonof ^DNAfragmcn^ ^ ^ be ^ ^ 

This region could then be used as a bunding bloJs id ^ ^ yectoia wht}(e ^^p^^ and relational 

preparing the fused gene. ^ tenninillion sigll4ls Me , preseQt and 0fle or 

The fused gene Tor Ihe mosL part may be depicted by the ^ ^ afe avaflablc £ or jjscrtion of a SUUC- 

following formula: mral gene ^ addition, the vectors normally have one or 

m-(LS) c -y r (VO.-(D)i,-pi)„-J-(I)j-C-TlR m oie markers which allow for selection of host cells which 

... so contain the expression vector. The marker may provide for 

W TIRintcnds the transcriptional regulatory and itohU- prototrophy lo an auxoirophic host; biocide resistance, e.g 

tion.1 imdation region and is generaUy of at least about 150 resistance to a.hbjouc, such as G41S, or heavy meials,such 

bp and not more ihan about 2 kbp, which may be in whale as copper; or ihe like If desired, expressaon vectors can be 

It in part the sequence naturally joined to the V coding prepared by joining die various components, such as the 

. : 55 replication system, markers, and transcriptional and trans- 

^"refcrs to a DNA sequence encoding a leader sequence Ulional regulatory initiation und termination signals in con- 

and processing signal functional in the expression host for junction wilh ihe fused gene. Frequently a vector will 

secretion and processing for removal of the sequence; ibis incfc.de a prokaryohc replication system, wbefa .allows for 

leader sequence can contain an intron, as is known in ihe an cloning, manipulation, purification, and expansion of the 

in occur 60 desired DNA sequence. 

c is O or 1- A wide variety of transcriptional and translatinnal rcgu- 

vTs a segment coding for the variable domain in reading latory sequences may be employed, depending upon the 

Trame with when lis is present; nature of the host. The transcriptional and translation^ 

f is O or 1- re&lllatory signals may be derived from viral sources, Such 

a°sesment coding Tor the diversity domain and is £>5 as adenovirus, bovine papilloma virus, Simian virus, or the 

present for the heavy chain (b-1) and is absent for the light like, where the rectory afinak are associated with a 

chain ^(b=0)- particular gene which has a high level of expression- 
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Alternatively, promoters from mammalian expression nogenicity can be produced, the chimeric receptors can find 

products, such as aciin, collagen, myosin, etc., may be use in therapy, for passive immunisation for in vivo 

employed. Transcriptional initiation regulatory signals may imaging, for specific treatment of diseased cells, or the like, 

be selected which allow for repression or activation, so that For in vivo imaging, the chimeric antibody will normally be 

expression of the fused genes can be modulated. Of interest 5 conjugated io a radionuclide, c.g,. technetium, rhenium, or 

are regulatory signals which arc temperature-sensitive so ^ M*- For bl0C l dal ™™Y> mc antibody may be joioedto 

that by varying the temperature, expression can be repressed ^ A- P ort,on of toxins, liposomes containing biocidal 

or Mtialcd, or are street to chemical regulation, e.g., ? 1 3gcn t t - 5 ' "** nu ^ d 5?' ™ °?* r h A i ? cM ^ 1 ' 

tahl't J to Alternatively, the antibodies can be used m combination 

metafio i b. _ ^ hosl i mrnunc system e.g., complement, due to the 

Once the vector DNA sequence contammg the mscd gene 10 ^ of [hc R ^ £ £ v . 

has been prepared tor expression, the DNA construct may be cllimeric ^0^5 can be used in conjunction with complc- 

introduccd into an appropriate host. Various techniques may mcm ^ rcmovc particular ccl]s from a mixiUre of Ccl!s? 

be employed, such as protoplast lu?nnn, calcium phosphate- w here the target cells have a ligand complementary to the 

precipitation, or other conventional technique. After the binding site of the chimeric antibody, 

fusion, the cells are grown in a selective medium or are 15 xhc following examples are offered by way of illustration 

phcnotypically selected leaving only cells transformed with ant } no t by way nF Wmitatkm- 

the DNA construct. Expression or the fused gene results in EXAMPLE 1 
assembly to form the receptor- To date, expression has been 

accomplished in lymphocytes. Materials and Methods 

The host cells will For the most pan be immortalized cells, 20 Chimeric Genes 
particularly myeloma or lymphoma cells. These cells maybe The cloned $107 variable region (heavy) (VH) and S107 
grown in an appropriate nutrient medium in culture flasks or Vk: variable region (light, kappa) genes were obtained from 
injected into a syngeneic hosL e.g., mouse or rat, or immu- Dr. Matthew Scbarff (Dept. of Cell Biology, Albert Einstein 
nodeficient host or host site, e.g., nude mouse or hamster College of Medicine, Bronx, N-Y- 10641). The S107 VH 
pouch. Particularly, the cells may be introduced into the 35 gene was spliced to human IgGl and IgC2 constant region 
abdominal cavity for production of ascites fluid and har- genes using Sail linkers as shown in FIG, 1A. Both con- 
vesting of the chimeric receptor. Alternatively, the cells may sLructs were inserted into the vector pS V2AH-gpt (Oi et al., 
be injected subculaneo-osly and the antibodies harvested Pwc. Natl. Acad. ScL USA (1983) 80:825-829; Mulligan 
from the blood of the host. The cells may be used in the same and Berg, Science (1980) 209:1422-1427). The S1.07 Vk 
manner as hybridoma cells- See Diamond ct al., N Eng. X 30 gene was spliced to the human k gene at a unique Hindltl 
Med. (1981) 3034:1344 and Kcnnatt, MeKearn and Bcchtol site located in the large intron between the Jic and Ck exons 
(cds,), Monoclonal Ann bodies: Hybridomas^A New as shown in FIG. IB. This chimeric light chain gene 
Dimension in Biologic Analysis, Plenum, 1980, which arc construct was inserted into both pS V2AH-gpt and pSV2-nco 
incorporated herein by reference. plasmid vectors (Mulligan and "Rerg, Ptqc Natl Acad ScU 

Where a leader is present with a processing signal for 35 USA (1981) 78:2072-2076) and pSVl$4AH-neo plasmid 

secretion aad selective cleavage of the leader (signal) vectors (Oi and Morrison, Biotechniqves (1986) 

sequence^ the resulting assembled receptor will be secreted 4:21.4-221). 

into the mitricm medium of the transformed cells and may Transaction 

be harvested. Where secretion does not occur, after sufficient Protoplast fusion and calcium-phosphate (CaP0 4 ) pre- 

time for the receptor to be expressed in reasonable amounts, 40 cipitation techniques (Oi ei al., (1983) supra; Sandri-Goldin 

the cells may be killed, lysed, and the receptors isolated and et al., Mol Cell. Biol (1 981) 1:743-752; Chu and Sharp, 

purified, Where transcriptional initiation can be modulated, Gene (19S0) 13:197-202) were used to transact these 

the cells may be grown to high density under non-permissive chimeric immunoglobulin genes into the J558L myeloma 

conditions, followed by growth under permissive conditions cell line (a lambda (X) light chain producing mouse 

where the receptor is expressed. 45 myeloma Cell line) and the nOn-immunoglobulin-producing 

ITac receptors may be naturally glycosylated, unnaturally An derivative of the P3 myeloma cell lino, Mycophcnolic 

glycosylated or be free ofglycosyl groups, depending on the acid (Gibco Laboratories, Santa Clara, Calif. 95050) was 

host, conditions of cellular growth and subsequent treat- used For selection of cclJs Iransfeclcd with pSV2AH-gpt 

mcnt. Where a mammalian host cell is employed for vectors aa described previously(Oieial., (1983) supra; Ochi 

expression, usually natural glycosylation will occur. Glyco- 50 et al., Proc. Nail. Acad. ScL USA (19S3) 80:6353-6355). 

sylation can be prevented by an appropriate inhibitor, e.g., G418 (Gibco Laboratories) at 1.0 mg/ml was used for 

tunicamycin. Alternatively, glycosyl groups may be seleciion of cells transfected with pSV2-nen vectors 

removed by hydrolysis, e.g., enzymatic hydrolysis using (Mulligan and Berg, (1980) supra), 

hydrolases. In expression hosts other than mammalian cells, When both light and heavy chimeric genes were trans- 

unglycosylated or unnatural glycosylated receptors may be 55 fecled into the J558L cell line using protoplast Fusion 

obtained* techniques, light and heavy chimeric immunoglobulin genes 

The receptor may be isolated and purified in accordance were Iranfi Fecled sequentially using G41 8 selection for the 

with conventional conditions, such as extraction, chimeric light chain gene vector and mycophenolic acid for 

precipitation, chromatography, affinity chromatography, the chimeric heavy chain gene vector. The protoplast fusion 

electrophoresis, or the like. By employing antibodies spe- ea transfection procedure used was as described previously (Oi 

crhc for the constant region(s), affinity chromatography will ei aL, (19S3) supra). 

allow for concentration and purification of the chimeric Transfection using the calcium phosphate precipitation 
receptor. procedure was done by mixing 40 /<g of both chimeric light 
The chimeric receptors can be used in the same manner as and chimeric heavy chain pSV2AH-gpl vectors and trans- 
other receptors for binding to specific ligands in diagnostic <tf fecting a total of SO /ug of plasmid DNA into 5x10* cells, 
assays, affinity chromatography or the like. In addition, Mycophenolic acid was used to select for transformed cell 
because a chimeric receptor of substantially reduced immu- lines as described previously (Oi el al., (1983) SUpra). 
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An li gen -bin ding 

Phosphooholine (PC) binding of antibody secreted into 
the culture supernales of transfected cell lines was analyzed 
using a solid-phase radioimmunoassay described previously 
(Oi and Hcrzcnbcrg, Mol Immunol (1979) 16:1005-1017). 5 
PC-binding antibodies in biosynthctically-labelcd culture 
siipcmatcs and cell lysatcsof transfected cell lines also were 
analyzed by binding the biosynthctically-labelcd antibody io 
PC-coupicd to Scpharosc 4B (Pharmacia Five Cbamicals, 
Piscataway, NJ.) and then cluting the bound antibody with io 
PC-hapten. The bound and eluted antibody was examined by 
SDS-polyacrylanaide gel electrophoresis (SDS-PAGB). 
Biosynthelic-labeling procedures were done as described 
previously (Oi ei al., J. Exp. Me± (19SO) 151:1260-1274). 
TdioLype Analysis - 15 

Three bybridorrja arjli-idiotope antibodies, obtained from 
Dr- Matthew Scharb!(DepL of Cell "Biology, Albert Einstein 
College of Medicine, Bronx, N.Y.), were used io analyze The 
variable heavy-variable light (VII-VL) domain structure of 
the chimeric human anti-PC antibodies. These antibodies, 2D 
recognizing three independent idiotopes, were used to 
immunoprecipitate bio Synthetically-labeled material eluted 
with PC from the PC-Sephaxose 433 matrix. Immunoprccipi- 
tales were analyzed by SDS-PAGE. 

Immunoglobulin Chain Composition 25 
^ Monoclonal anti-human IgG and anti-human k antibodies 

(Becton-Dickinson Monoclonal Center, Mt. View, Calif.) 
-JO were used to immunoprecipitate biosynthetically -labeled 

chimeric human anti-PC antibodies for analyses using iwo- 
dimensional n on -equilibrium pH gradienL poly act yl amide 30 
gel electrophoresis (NEPHGE) (Oi and Herzenberg, (1979) 
■01: supra). PC-couplcd to Scpharosc 4B also was used Tor 

immunoprccipita tions . 

Immunoglobulin Heavy Chain Glycosylation 
y i IXinicamycin (Calbiochcm-Bchring. San Diego, Calif.) 35 

^ was used to inhibit asparaginc-linkcd glycosylation of 

~~f~ biosyn thetically-labeled antibody from mouse cell lines pro- 

~. ducing moiiseihuman chimeric immunoglobulins (Oi et al., 

Q (1980) supra). PC-binding antibody from tunicamycin- 

f f: treated cells was analyzed by SDS-PAGK. Procedures used 40 

Z. > for tunicamycin treaiment were as described previously (Oi 

r W ct aL> (1980) supra). 

'~~C Chimeric Mouse :Human Antibody Production in Mice 

Transformed J55SL cells producing chimeric mouscihu- 
'"*Z man antibody were injected snbcutancously into BALB/c <s 

-t=w mice (10 s cells/mouse). Sera from tumor-bearing mice were 

analyzed for human anti-PC antibody by a solid-phase 
radioimmunoassay described previously (Oi and 
Hcrzcnbcrg, (1979) supra) and by immunoelectrophoresis 
using a polyclonal anti-human antiserum, so 

Results 

Expression of chimeric mouse Vihuman C region genes in 
transfected mouse myeloma cells J55SL and the non- 
immunoglobulin-producing P3 myeloma cell lines was ss 
obtained. When both light chain and heavy chain chimeric 
genes were transfected into the same cell, tetramcric (H2L2) 
antigen-binding antibodies were obtained. Autoradiograms 
of two-dimensional NEPHGE analyses of the chain com- 
position of biosynthesized and secreted antibody molecules so 
bound and eluted from phosphocholine-Sepbarose showed 
the formation of mixed molecules, including the endo&- 
cnously produced -T558L X light chain. Each polypeptide 
chain had the expected charge and relative molecular 
weight. Identical two-dimensional gel analyses results were Gtf 
ohtained with immunoprecipitates with monoclonal anti- 
human K and IgG antiodies. Similar results were obtained 
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from immunoprecipitates of human IgG r (tt) antibodies pro- 
duced bjy transfected P3 cell lines. Since the non- 
immune globulin-producing parental P3 cell line does not 
produce endogenous immunoglobulin polypeptide chains, 
as expected only the chimeric mouscrhuman heavy and light 
chains axe seen on the autoradiograms. 

Phosphocholmc-binding by the chimeric antibody pro- 
duced in the J55SL cell line was the result from specific 
association of the chimeric immunoglobulin light and heavy 
polypeptide chains, i.c. p the VH and Vk domains of the S107 
myeloma protein connected to human constant region 
polypeptides. This was determined by measuring 
PC-binding by immunoglobulins produced by J558L cells 
transfected with the mouse: human chimeric heavy chain 
gene. PC-binding was never observed from antibody 
secreted by transfected J55SL cells expressing only the 
chimeric heavy chain and the endogenous J558L ^ light 
chain (data not shown). Chimeric antibodies produced in the 
transfected non-immunoglobulin-producing P3 cell line also 
were shown to bind PC-Scpharosc. In view of the low 
binding affinity of the parental mouse S107 antibody, analy- 
ses of appropriate polypeptide folding of mouse VH and Vk 
domains in the novel environment of human constant 
regions polypeptide chains were done by determining the 
presence 'of idiotypes known to occur on the parental Si 07 
PC-binding antibody molecule. Three monoclonal anti- 
idiotopc antibodies, each recognizing a distinct epitope on 
the light and heavy variable region domains and an epitope 
defined by the presence of both light and heavy variable 
region domains, were found to react with the mouse :hum an . 
chimeric anti-PC antibodies. This Strongly supports the fact 
that the mouse S107 antigen -binding domains have folded 
into their intended structures. 

Glycosylation of the mouscrhuman chimeric antibodies in 
mouse myeloma cells was analyzed by measuring the rela- 
tive molecular weight (Mr) of antibodies biosynthesized in 
the presence and absence of tunicamycin, a known antibiotic 
inhibitor of asparaginc-linked glycosylation, Autoradio- 
grams of SDS-PAGE analysis of the chimeric heavy and 
light chains produced in mouse myeloma cells in the pres- 
ence or absence of tunicamycin showed the lower relative 
Mr of the heavy chain synthesized in the presence of 
tunicamycin as expected if a single N-linkcd carbohydrate 
was absent from the polypeptide chain. From these data it is 
concluded that the mouse myeloma cell appropriately gly- 
cosylates the human heavy chain- 
When iransfiected J55SL cells producing the human IgG2 
(k) chimeric anti-PC antibody were grown as a subcutane- 
ous tumor in BALK/c mice, analysis of the sera of these 
mice showed significant human lgG2(K) anti-PC binding 
antibody, production by radioimmunoassay. Polyclonal anti- 
human antiserum demonstrated the presence of significant 
quantities of human immunoglobulin in the sera. Based on 
comparison with prior experience with mouse hybri-duma- 
antibody production in mice, the amount of immunoglobulin 
visualized by immunoelectrophoresis analysis of mice bear- 
ing tumors of the transfected J55SL cell line was similar to 
the lower levels of production seen with other mouse 
hybridoma tumor cell lines- 

Analysis showed that fewer than about 10% of the trans- 
fected cell lines produced both chimeric heavy and light 
chain polypeptides. Among transfonnants generated by pro- 
toplast fusion, both gpt and neo biochemical markers were 
expressed at expected frequencies. However, chimeric light 
chain expression was infrcquenL In Co -trans fection experi- 
ments using the CaPO^ precipitation protocol, the same 
phenomen.cn was observed. 
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Based on prior experience with co-expression of gene 
products io transformed cell lines^ it appears that the appro- 
priate transcriptional or transitional controlling elements 
arc absent in either the chimeric light chain gene construct 
or in the mouse myeloma cejl lines used* The mouse Vk 
gene promoter is coupled to the presumed human intronic 
DNA sequences thai are homologous to the known mouse 
intronic controlling element (ICE) or immunoglobulin 
"enhancer" element (Morrison and Oi, Ann. Rev. Immunol 
(19S4) 7:239-256). The chimeric influx: human heavy 
chain gene is not constructed in this manner and, in contrast, 
is expressed efficiently. The mouse heavy chain intronic 
controlling element (ICE) sequences are included and 
human sequences excluded in this construct. The basis for 
the low level of expression of the light chain is subject to 
speculation. 

It is evident from the above 'results that chimeric 
receptors, as illustrated by immunoglobulins, can be pro- 
duced where the variable regions may be obtained from one 
host source and me constant regions obtained from another 
host source. Where the immunoglobulins ire to be use in 
vivo, this can provide for numerous advantages^ such as 
reduced immuno^eniciiy, a lower catabolism, and the ability 
lo fulfill biological effector functions associated with the 
constant regions. Furthermore, now that it is shown that 
^ chimeric receptors can be produced, there is the opportunity 
= «kf io prepare chimeric receptors with modification of V T J, and 

;IO D regions so as lo modify binding specificity. 

f U EXAMPLH 2 

-ZT: A family of recombinant anti-DNS antibodies was pre- 

-=*f% pared by cloning the mouse gene expressed in the DNS1 

(27-44) hybridoma cell line (Dangl et al., Cytometry (1982) 
^ 2:395) and joining this gene to the already cloned human 

..T) IgG a , TgOv, IgG 5 , IgG„, rabbit IgG and mouse IgG 3 heavy 

1=* chain constant region genes. These recombinant genes were 
inserted into the cukaryotic expression vector, pSV2(della) 
^ H-gpt (Oi ct al., BioTechnique* (19S7) 4:214), Each recom- 

binant vector was transfected into a heavy chain loss mutant 
JS of the DNSl hybridoma cell line, 27-44A5C13, or 

-4? 1 co-hransfcctcd with a DNS-V^- expression vecLor into the lg"" 

"ij cell line SP2.0 to gcncraie stable ami-DNS transfecloma cell 

"- ; J lines (Morrison and Oi, Ann Rev. Immunol, (1984) 2:239). 

1 The expressed V w and genes from the DNSl hybridoma 

•fl (Oi et zUNaXure (1984) 307:136; Reidler et al.,7- Mol Biol 

£ (1982) 158:739) were cloned from phage lambda libraries 
(Dangl, thesis, Sianford University, Stanford, CaliC) and 
used to construct the vectors shown in FIG. 2- Transfcction 
by protoplast fusion and selection and screening of Lrans- 
fecLomas hns been described (Oi el al., BioTedmiques, 
supra; Dangl, thesis, Stanford University, Stanford, Calif.). 
Anti-DNS antibodies were purified from culture supemate 
hy affinity chromatography using a dansyl isomer 
2-dimelhylammonaphmyl-5^ullbnamide-3-lytiine as absur- 
bant (coupled to AII-Sepharose-4B) and ehiant. The affinity 
of the DNSl combining site for DNS is 17 dM; the binding 
affinity of this isomer is tower by a factor of 1(P, making it 
suitable for use in affinity purification. Removal of bound 
hapten by dialysis was monitored by fluorescence emission 
spectroscopy. Antibodies were pure, >95% and free of 
aggregates as determined by size exclusion chromatography 
(Dangl, thesis, Stanford University, Stanford, Calif.). The 
chimeric mouse-human immunoglobulin heavy chain vec- 
tors are depicted in FIG. 2. The rabbit IgG and mouse IgG 3 
heavy chain vectors were similarly constructed. 

The nature of the DNS combining site of the genetically 
engineered antibodies was monitored by measuring the 
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fluorescence emission spectra of bound DNS -lysine. This 
hapten is a sensitive indicator of the dynamic polariiy of its 
microenviromncnL Independently derived mouse IgG x anti- 
DNS antibodies with different combining sites were previ- 

s ously shown to generate different emission spectra (Reidler 
et al., J. Mol. Biol (1982) 158:739). The absorption and 
emission spectra of DNS-lysine bound to each genetically 
engineered antibody was identical to the DNSl combining 
site of the parental hybridoma (corrected fluorescence emis- 

10 sion spectra of each affiriity purified chimeric antibody were 
measured using a SIM model 8000 fluorescence spectro- 
photometer with 340 nm excitation, essentially as described 
in Reidler, ct al., J. Mol. Biol (1932) 158:739). This 
indicates that each chimeric antibody has a properly folded 

15 Yh- domain, despite the heterologous junction between [he 
mouse V M and human or rabbit C m domains- Stable trans- 
fectoma cell lines produced immunoglobulins with heavy 
cbains of appropriate size and charge as determined by 
two-dimensional, sodium dodecyl-Sulfale poly aery larnidc 

10 gel electrophoresis (SDS-PAGE). Immunoglobulins pro- 
duced by each Lransfcctoma cell line were analyzed by 
biosynlhetic labelling, immunoprecipiiation and one- or 
two-dimensional SDS-PAGE essentially as described by P- 
P. Jones in Selected Methods in Cellular Immunology, B- B, 

25 Mishell, S- M, Shiigi, Eds. (W. PL Freeman, San Francisco, 
1980), pp- 238. Rabbit ami-human IgG anti-sera was pur- 
chased from CappeL The recombinant heavy chains are 
glycosylated, a post- translation modification known to affect 
biosynthctic labeling in the presence or absence of 

30 uxnicamyein, an antibiotic Known 10 inhibit asparaginc- 
linked glycosylation (Hickman and Komfcld J. Immunol 
(1978) 121:990; Ndsc and Wigzeil Proc, Natl. Acad. ScL 
(1983) 80:6G32; Leatherbarrow et al. Motec. ImtiUinol 
(1985) 22:407)_ 

35 This Example demonstrates the ability to prepare inter- 
species chimeric antibodies from additional species using 
the previously described technique** as well as the ability to 
produce intra-specics chimerics. 

40 EXAMPLE 2 

A scries of intra-species hybrid mouse IgG^lgG^ immu- 
noglobulins all with identical light chains and variable 
regions were produced. Hybrid heavy chain constant region 
gene segments were generated by genetic recombination in 

45 £. coli between plasmids carrying mouse yl and 72a gene 
segments- Crossovers occurred throughout these segments 
although the frequency was highest in regions of high 
nucleotide sequence homology. Eleven hybrid proteins were 
produced by transfcction of a variant bybridocaa cell line. 

*° Immunoglobulins produced by the transfected cell lines 
were assembled into HJU tctramcrs and properly glycosy- 
lated in addition to having identical antigen combining sites 
specificfor the fluorescent hapten e-dansyl-L-lysine. Protein 
A binding, used as a probe of Fc structure in these variflnt 

55 antibodies was consistent with the identity of protein A 
contact residues within the Fc. Novel receptors with new and 
improved functions were created, demonstrating that 
improvements ov«r mi tu rally occurring receptors can be 
made. 

60 

Materials and Methods 
Generation of hybrid genes. 

Hybrid Cjygenc segments coding for polypeptides with an 
IgG 1 aminD-ierrciiniis a nd an JgG^a carboxy-terminus or an 
65 IgG 2tJ amino-terminus and lgG a carboxy -terminus were 
generated by adaptation of the system described by 
Schneider ct al„ Proc. NatL Acad. Sci. (1981) 
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7S-2169-21 73. Plasmid pHGXl was constructed by digest- heavy chain constant region gene segment into pMLSVgpt 
ing P BN2 (Nichols and Yanofsky, Proc. Natl Acad. Sci DNA-V^ in the proper orientation generates a gene encod- 
(1979) 76-5244-524S) with Hindlll and PvuII, filling in foe ing the corresponding variant anti-DNS heavy chain 
overhanging HindlTI ends with T 4 DNA polymerase, ligat- polypeptide. Hybrid anti-DNi> antibody-producing cell lines 
ing Xbal linkers to the flush ends, and recirciilarizrog the s were generated by transfecting these recombinant vectors 
plasmid, Plasmids pHGXlC vZa A and pHGXlC^B were into a heavy^chain-Ioss variant of the 27-^4 hybridoma cell 
generated by digesting PY 2a.9 with EcoRI and Hindlll, line, designated 27-44 A5C1 3 (which was provided by Dr. 
filling in the overhanging ends, lighting Xbal linkers to the D- Parks of Stanford University). Other hybridoma cell fines 
blunt ends, and inserting the C^-conlaimng fragment into lacking; production ol r the heavy chain could also be used. 
Xbal-digested pHGXl. Plasmids pHGXlC Y2el A and 10 Expression vectors were transfected into 27-44 A5C13 
pHGXlC^ B diHer only in the orientation of the inserted using the following protoplast fusion procedure. £. colt 
fragment TPlasmid pHGX2 was constructed by digesting strain IIB101 carrying the appropH ate plasmid was giown in 
pWSl (Schneider et al., Proc. Natl. Acad Sci (1981) L broth to an OD^ of 0-6-0.7, Plasmid copy number was 
78:2169-21 73) with Hpal and Sail, filling in the overhang- amplified by addition of chloramphenicol (170 mg/1) and 
ing Sail end, ligating Xbal linkers to the flush ends, and is incubating cultures overnight. Cells from 25 ml ot culmre 
^circularizing the plasmid. Plasmids pHGX2C fl A and were harvested by ccntrifngation and gently resuspended in 
pHGX2C,jB were generated by digesting P yl with KpoT, 1.25 ml of ice cold 20% sucrose, 50 mM Tns-HCl pH S.0. 
and Keating the C^-conLaining fragment to Xbal-digested Freshly prepared lysozymc solution (0.25 ml at 5 mg/ml in 
P HGX2 Pl^mids P IIGX2C Tl A and pHGX2C yl Ti differ 0.25M .Tris-HCJ P H 8.0) was added and the suspension 
only in the orientation of the inserted fragment. *o incubated for 6 minutes on ice. A05 ml aliquot of 0.25 mM 

£ coli strain W3110 trpR AtrpEA2 tnaA2 ma-IP was EDlApH 8-0 was added and the mixture was incubated for 
transformed with both pIIGXlC^A and P HGXlC yI A or 5 minutes on ice. Following addition of 0 5 ml of 50 mM 
uHGXJ 0, B and pHGXlC^B to chloramohenicol rcsis- Tris-HCl pH 8-0, the cells were incubated for 10 minutes at 
tancc (CrnO and ampicillin resistance (Arnp^). Single colo- 37° G pUc batcria were then diluted with 10 ml of RPMI 
nics were transferred to L broth containing chloramphenicol 25 1640 medium supplemented to 10% sucrose and 10 mM 
(20 mg/1) and ampicUlin (100 mg/1) and grown overnight. MgCl^j and warmed to 37* C. After incubation for 10 
Cells were collected by cenlrilugation, washed with Vogcl- minutes at room temperature, the protoplasts were used for 
Bonner minimal medium (\bgel and Bonner, /. Biol Chem. fusion, i 

(1956) 218:97-106), and plated on minimal plates supple- The 27-44 A5C13 cell line was grown to a density of 0.3 
mented with glucose (0-4%), add-hydiolyzed casein (0-5%), 3D to lxip fl cells/ml in RPMI 1640 medium containing 1.0- 
indole (10 mg/1) and chloramphenicol. Individual colonics mM sodium pyruvate, 2.0 mM L-glutamine 7 50 mM 
were transferred to identical liquid medium and grown p-mcTcaploethanol, 10% fetal calf serum (FCS) ? and i% 
overnight Plasmid DNA was extracted from these cultures, NuSerum™ (Collaborative Research, Lexington, Mass.) 
and the monomeric double crossover plasmids isolated by Cells (2*10 7 ) were harvested by ccntrifugation and resus- 
size fractionation using agarose ge] electrophoresis. DNA 35 pended in 1 ml of RPMI 1640 medium with supplements, 
from monomelic plasmid fractions was used to transform £\ After a ddition of 3 ml of protoplast suspension, the cells 
coli W3110 trpR AtrpEAl maA2 ma-19 to Trp" and Cm r . were pelleted by centriruganon. The pellet was resuspended 
Transformants were screened for ampicillin sensitivity by slowly adding 1 ml of 45% polyethylene glycol (PEG) in 
(Amp') by replica plating. RI'MI 1640 medium without supplements (warmed I to 37" 

Hie crossover site generating each hybrid was located by AO C.) while mixing gently for L to 2 minutes. Nine mflbhtera 
rcstrictioD enzyme analysis. Precise crossover junctions of 37° iC. £PMI medium without supplements were added 
were identified by DNA sequencing by tbe method of slowlyl to dilute the PEG solution. The suspension was 
Maxam and Gilbert Methods Enymol (1980) 65:499-560 or centrifuged and the pellet resuspended in 12 ml of RPMT 
Sanger and Coupon, Proc. Natl, Acad. Sci. (1977) l640mc4iym-Cellswerethe n chspensedintoa24-wcllplate 
74:5463-5467 using M13mp9 (Messing and Vieira, Gene AS in 0-5 ml aliquot*. The following day, 1 ml of RPMT 1640 
(1982) 19-269-276) to generate single-stranded DNAlem- medium was added to each well. Two days after fusion, 
\ le Transfected cell lines were selected in medium containing 1 

An additional variant heavy chain gene, one lacking the mgfl mycophenolic acid, 15 mg/1 nypoxanlhine, and 200 
hinge region exon, also was constructed. The Xbal ends of mg/1 Xanthine. Cultures were fed with 1 ml ot selection 
fragments containing Cjy gene segments were filled in and 50 medium as needed, 
convened to Sail ends with linkers. These fragments were Protein Characterization 

ligated into the Sail site of pMLSVgpt DNS-V y/ .Av ;<1 heavy Anybodies from transacted cell lines were 
chain constant region wim a hinge exon deletion was biosyntbetically-labelled with [ Sj-methionmc in the 
constructed by removing a StuI-SmaJ fragment from an absence and presence of tunicamyem. Antibodies were 
expression vector carrying the v i(a C/7 coding region. Tbis SS immunoprecipitaled with rabbit anri-mouse immunoglobu- 
nlasmid is designated pMLSVgpt DNS-V^^A. hinge. lin antiscra and analy2fid by SDS^polyacrylamidc gel elec- 

Transfcction of Hybrid Heavy Chain Genes trophoresis (SDS-PAGE), two-dimensional non-cquilibnum 

Plasmids designed to express anti-DNS hybrid heavy P H gradient gel electrophoresis, and two-dimensional non- 
chain genes were constructed as described above, ine reducyig-reducing polyacrylamide gel electrophoresis 
pMLSVgpt DNA-v^ contains the £ cpli xianthine-guaniric 60 (Goding, Handbook of Bzperiinental Jwnanology, Vol. 1. 
phospboribosyhransfcrasc gene (gpt) which is used lo Blackiwell Scientific Publications, Oxford (1986) 
biochemically-sclcct transfectcd mammalian ceils 20:1-2033). Fluorescence emission spectra of hybrid ano- 
(Mulligan and Berg, Proc. Natl. Acad. Sci. (1981) DNS antibodies bound lo e-dansyl-L-lysine were measured 
78:2072-2076). The heavy chain variable region (V^) gene using 340 nm ejcciLalion oq a SIJvI model 8000 fluorescence 
segment from the ami-DNS hybridoma 27-^4 (Dangi et al., 65 spectrophotometer. 

Cytometry (19S2) 2:395-401) is located upstream of the C^ Production and Purification of Genetically Engineered Anti- 
gene insertion site. Hence Ugation of each recombinant bodies 
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Hybrid anti-DNS antibodies were purified from sera of Precise . crossover points were determined by DNA 

tumor-bearing mice or from culture soipcmalcs of trans- sequencing! The amino acid sequences of the p area tal IgG 

fected cell linos grown in serum-free medium (Hana md IgG^ polypeptides as well as the deduced sequence 

Biologicals, Berkeley, Calif). Hybridoma cell lines 27-^4 junctions of the ten recombinant heavy chains were dctcr- 

and 27-13 were used to produce parental igG t and IgG^a 5 mined _ Niu ' e of lhe ien hybrid gcT1clic segments appear to 

M9?Sni^ nEib0diCS <mngl 6t Cyi ° meiry (19S2) h ™ been j generated by single crossover events, while 

2:395^401). . YiYiT 1 appears to have arisen by a triple exchange within 

Anti-DNS anybodies were pnafed by iffnny chroma- , hc ^ fe q ^ ^ ^ ^ * 

lography usmg a DNS analog (2-dimc&ylammonaph&yl-5- nuckoddc ^ £ entiq , bet ^ eo c aQd c fe 

sulfonyl chloride: Molecular Probes, Eugene, Oreg.) „„ . \* .. , , J L ■ iZ ^ 

coupled to aH-SbpUbc4B (Pharmacia Piscataway, N J ). 1G segments within whach exchanges occurred vaned from 5 to 

N-(5-Carboxypcntyl)-2-dimethylaminonaphthyl-5- 21 baSe P a * rfi - 

sulfonamide was used to ejule bound antibody. Expression: of Recombinant Immunoglobulins Genes 
Protein A Binding All eleven heavy chain genes are expressed when trans- 
Binding of each hybrid anti-DNS antibody to Siaphylo- fecied into the 27-44 A5C13 cell line. SDS-PAGE analyses 
coccus aureus protein A was measured at pH 7-0- Purified 15 s how that each cell line synthesizes and secretes, in addition 
protein A (Pharmacia) and a two-fold molar excess of IgG l0 light chain (L), an immunoglobulin heavy chain (H) 
were incubated in 150 mM sodium phosphate pH 7.0 for 20 0 C lhc appropriate relative molecular weight 
minUlesal room tempera^ ( Mr)j Two-dimensional nOnequilibrium pH gradient gel 
analysed usmg Superosc 6 column chromatography elecirophoresis ^ysis nuttmed the identity oftheendog. 
(ITiarmacia). 20 cn011s lig^t chain produced by each u-ansfeclid cell line, as 
Results well as the 'expected charge (deduced from the amino acid 
Generation of Hybrid C w Genes sequence) for'each recombinant heavy cbain polypeptide. 
Genetic recombination between pHGXlC yS<r A and Each recombinant antibody, when synthesized in the prcs- 
pHGXlC^A or pIIGXlC T3ff B and pHGXlC^B yielded ence of tunicarnycin showed sn altered mobility upon rcduc- 
ITH* 4 " colonies at frequencies similar to that reported previ- ing SDS-PAGE relative to each antibody synthesized in the 
ously (Schneider et al., supra). The Trp**" phenotype results absence of lumicamycrn indicating Lhat each heavy chain is 
from a single crossover between trpB segments in the two glycosylate!! 

paremal plasmids to generate an intact, functional gene. The xhc £)n$ fluorescence emission spectrum of all eleven 

single crossover produces a dimeric plasmid, containing the ^ recombinant antibodies are identical to the hybridoma TgG a 

entire genetic material ^of both Starting plaSmidai. The and IgG Za anti-DNS antibody Du ores Cence emission spectra - 

dimeric trpIT Cm r Amp r pla.smid is expected to sustain a Thfc is an accurate and sensitive means of identifying the 

second ^combinational event in any region of homology. A antigen-combining sites of anti-DNS antibodies (Rcidler ct 

second crossover, between Cyl and 0,2a gene segments, a ^ j m 0 £ (1982) 153:739^-746, Oi et al., Nature 

yields a monomerictrpB"Cm r Amp 5 plasmid with a hybrid (19S4) 307:136-140) and demonstrates lhat the original 

segment. Trans formation of £. coll W3U0 trpR " DNS combining sites have been re-created in the hybrid 

AtrpEA2 tnaA2 rna-19 with size-fractionated monomelic antibodies. ■ 

plaam'd DNA from trpB + cells, followed by selection for i^c^ Disulfide Bridges 
Trp* and Cm r , yielded only monomelic trpB* Cm r Amp* _ , r < . ... t 

plasmids that always carried hybrid gene segments. ft Eac k h , f^g* engineered anti-DNS antibody was 

Scvcniy independently derived hybrid C w gene segments 40 ««nibkd into tctramcrs as ;dctenmned using Super- 

were recovered. Ten of the most diverse recombinant immu- «° chromatography, ^presence of interchain 

nogtobulin heavy chain constant region gene segments were was ascertained using non-reducing SDS- 

selected for further study. Six have an IgG, aniino-tcrrnimis P ^ GE ' El .^ oi }™ ^ bad i ~noglob U lmsbavc mobiles 

and an IgG. fl carboy- terminus (designated Y 3 Y2a" 2 ~ J , * * ° f ^ ™}*^> H-L and H-II 

-7). Five of Ihesesix recombinant molecules were generated 4i ^^"de Wdges. Analys^ of the hmgekss IgG„ antibody 

by crossovers in the C fJ 2 «on; the sixth was generated by ^°. W5 H " L ^leculcs and Ube absence of H 2 L^ tetramers 

a crossover in the inlrcrTbelween the C„l and hmge exoas ^^ was ejected Sxn.e Ihe cysteines forming the H-H 

™, A i_- t , -1 cW -z\ n „ -r„ri diSUltide bnageS are located in the hinge reinon. The two 

Two recombinants (designated YzaYi ) arc IgGo-,- . . . * . . . . T . * * 

T ~ , , - , fji_ '^ IJ - ' /\ r> rernauunn hybrid unmunoAJobulins have unusual disulfide 

IgG 1 hybrids; one generated by a crossover m the Cjfi exon yuj.^ m^uu^uyumc LJClvt L1L1LLil ^ 1 

and the Other by a crossover in the intron between the C/jl 4 n t» e - 

and hinge exons. Two other recombinants (y^ -1 _w ) Protein A Binding 

were included for study as controls- They encode parental y 2 The protein A binding of each of the eleven variant 

and heavy chain polypeptides and arose from crossovers antibodies was assessed and used as a probe of Fc structural 

in DNA sequences flanking immunoglobulin coding regions. integrity. Table 1 summarizes the results of this analysis. 

TABLE 1 

Amino arid residue^ ul pOsilluna uT pro [tin A 
conLicL and proLcin A binding of hybrid and hinge dele- 
ted ftTitihDdiciL 



Cbntnec HesidxiEs Protei-n A 



Anlibody 252 253 254 30B 309 310 311 312 433 434 435 436 Binding 

TiY?*" 1 ?^ 2 *) Met T,e Se T ne Gln Ws Gln Hls Atn ^ ^ + 

y iY5a -3 - ------ - --- - -r 
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TABLE 1 -continued 



Amine! acid rtaiducfl fit positions □£ prolan A 
contact rrad proiein A binding o£ hybrid and hinge dele- 

Led aflllfrflflfcH.' 



Antibody 



252 253 254 30B 309 310 313 312 *33 
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P id Loin A 



434 435 43ti Binding 



Y1Y2/ 

Y.Yr; 

Y1Y1 * 
YiYai - * 
YiYi«~* 



Tht 


Thr 




ThT 


-l-hr 


Met 


TJu 


Thr 


Mat 


Tbr 


- Tk - 


Mel 


Hit 


Thr 


Met 


Tki 


Thr 




Thr 


Th£ 





: t 



Contad residue* in TiYs fS^ 11 - numbering ia used. 
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All publications and patent applications mentioned in this 
specification are indicative of the level of skill of those 
skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated 
by reference 10 the same extent as if each individual publi- 
cation orpaleat application was specifically and individually 
indicated to be incorporated by reference. I 

The invention now being fully described, it will be 
apparent lo one of ordinary skill in the art ihat many changes 
and modifications can be made thereto without departing 

from the Spirit or scope of the appended claims. 
"What is claimed is: 

1. A meihod tbr producing a functional immunoglobulin 
comprising, a heavy chain and a lighL chain, which comprises 
the steps of: 

(a) transfecting a transformed mammalian lymphocytic 
cell with a first DNA molecule coding for a first chain 
of the immunoglobulin; 

(b) iransfecting the cell with a second DNAmoleculc, said 
second DNA molecule coding for a second chain of the 40 
immunogJobulin, said second chain being a chain other 
than the first chain and said firsL and second chains 
being either the heavy chain or ibe light chain; and 

(c) maintaining the cell in a nutrient medium, so that tbe 



2* 
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9. A method as recited in claim 8 wherein the cell is a 
murine J558L cell. 
|! 10. A method as recited in claim 1 wherein me immuno- 
globulin comprises the variable region found in a first 
mammalian species and comprises the constant region found 
in a second mammalian species, said second mammalian 
species being other than the first mammalian species, 
[j 11- Amethod tor producing a functional immunoglobulin 
comprising a heavy chain and a light chain, which comprises 
the steps of: 

J (a) transfecting a transformed mammalian lymphocytic 
cell with a plasmid comprising a first DNA molecule 
coding for a first chain of the immunoglobulin and a 
second DNA molecule coding for a second chain of the 
immunoglobulin, said second chain being a chain other 
tbarj the first chain and said first and second chains 
being either the heavy chain or the light chain; and 
(b) maintaining the cell in a nutrient medium so that the 
cell expresses said first DNA molecule and said second 
DNA molecule and the resultant chains arc intraccllu- 
larly assembled together to form the inimunoglobuHn 
which is then secreted in a form capable of specifically 
binding to antigen 



wherein prior to step (a) the cell does not express a func- 
fioaal immunoglobulin capable of specifically binding anti- 
cell expresses the GrsL and second DNA molecules and 45 gen. ' 

- - • .,„i„ ui„.i j n Amethod as recited in Claim 11 wherein the cell is 

Iransfccted via protbplast fusion. 

j 13. A method as recited in claim 11 wherein the cell is 
transfected via calcium phosphate precipitation. 
50 ! 14. !a method as recited in claim 11 wherein the cell is a 
myeloma cell. 

j 15. A method as recited in claim 14 wherein the cell is a 
murine myeloma cell. 

16. A method as recited in claim 11 wherein the cell does 



the resultant chains are intracellular^ assembled 
together to form the immunoglobulin which is then 
secreted in a form capable of specifically binding to 
antigen 

wherein prior to step <a) the cell does not express a func- 
tional immunoglobulin capable of specifically binding anli- 
g en - 

2. A method as recited in claim 1 wherein the cell is 



transfected via protoplast fusion. r . 

3. A method as recited in claim 1 wherein the cell is ss not endogenous^ produce any immunoglobulin chains. 



GO 



transfected via calcium phosphate precipitation. 

4. A method as recited in claim 1 wherein the cell is a 
myeloma cell. 

5. A method as recited id claim 4 wherein the cell is a 
murine myeloma cell. 

6. Amcihod as recited in claim 1 wherein the cell docs not 
endogenously produce any immunoglobulin chains. 

7. A method as recited in claim 6 wherein the cell is a 
murine P a cell. 

8. A method as recited in claim 1 wherein prior to Step (a) S5 
the cell endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain, but not both- 



17. A method as recited in claim 16 wherein the cell is a 
murine P 3 ccll- 

j IS. A method as recited in claim 11 wherein prior lo step 
(a) the cell endogenously produces an immunoglobulin tight 
chain or an immunoglobulin heavy chain, which 
eadogenously-produced heavy chain is dol secreted in a 
form capable of specifically binding to antigen, but not both. 
J 19. Amethod as recited in claim 18 wherein the cell is a 
murine J55SL cell. 

! 20. A method as recited in claim 11 wherein the immu- 
noglobulin comprises the variable region found in a first 
mammalian species and comprises ihe constant region found 

j 

i 
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in a second manna alian species, said .second mammalian 32. A method as reciied in claim 31 wherein prior lo step 

species being other than the first mammalian species. (a) the eel]' does not cudogenously produce any imrnuno- 

21 . A meibod for producing a functional immunoglobulin globulin chains. 

comprising a heavy chain and alight chain which comprises 33. A method as recited in claim 31 wherein prior io step 

the steps of: 5 (a) the cell endogenously produces an immunoglobulin light 

(a) maintaining in a nulrieuL medium a transformed mam- chain or an immunoglobulin heavy chain, but not both, 
malian lymphocytic cell, said cell having been trans- .34Amethodasredtedinclaim3'lwhei^mmerirstcrtain 
fected with a first DNA molecule coding for a first comprises a constant region, 

chain of the immunoglobulin and a second DNA mol- 35. A method as recited in claim 31 wherein the heavy and 

eculc coding for a second chain of the immunoglobulin, lQ light chain variable domains are from a first mammalian 

said second chain being a chain other than the first species and' the heavy and light chain constant domains are 

chain and said first and second chains being cither the from a second mammalian species, said second mammalian 

heavy chain or the light chain; species being oLher than the first mammalian species. 

(b) expressing from said cell the heavy chain and the light 36. A method as recited in claim 34 wherein the heavy and 
chain functionally assembled together to form said ^ cbain VariabIe domains are from a first mammalian 
immunoglobulin which is then secreted in a form ^cies and the heavy and light chain constant regions arc 
capable of binding antigen; and &om a second mammalian species, said second mammalian 

/N * ... t, v . - species being other than the Jirst mam malian species. 

(o) recovering sad immunoglobulin wherem prior to ^ Am ^ od for ^ an^ea-binding 

bemgtraxisfecie^ilieceUdoBSnoi.cxpreaaaranctional pro tern comprising t> t> 

imrnunoglobiilia capable of specifically binding «nli- 2Q . } , &st chak compdsing ^ imnmaofttobulin heavy 

^ e ^' <_ ^ - ^ - , - . - ^ „ - chain variable domain and an immunoglobulin heavy 

22, A method as recited in claim 21 wherein the cell is C0QStant domain and 

transacted via protoplast fusion ii) a second chain comprising an immunoglobulin light 

23* A method as recited in claim 21 -wherein the cell is * chiifl vafia . ble domain ^ ^ ; mrn unoglQbulin fight 

transfected via calcium phosphate precipitation. ^ cor jstant domain 

24. A method as recited in claim 21 wherein the cell is a wherein the method comprises the steps of: 
myeloma cell. ; ^ Lransfecting a transformed mammalian lymphocytic 

25. A method as recited in claim 24 wherein the cell is a Q0 [[ ^ m a plasmid comprising a first DNA molecule 
murine myeloma cell. coding for the first chain of the protein and a second 

26. A method as recited in claim 21 therein the cell does 30 DNA molecule coding for the second chain of the 
not endogenously produce any immunoglobulin chains. protein; and 

27. A method as recited in Claim 26 wherein the cell is a (b) maintaining the cell in a nutrient medium so that the 
murine cell. cell expresses said first DNA molecule and said 

28. A method as recited in claim 21 wherein prior to being second DNA molecule and the resultant chains are 
transfected the cell eodogeoousJy produces an irnmunoglo- 35 intraccllularly assembled together to form the pro- 
bulio light chain or an immunoglobulin heavy chain, but not teia which is then secreted in a form capable of 
D0 th. specifically binding to antigen 

29. A method as recited in claim 28 wherein the cell is a wherein prior to step (a) the cell does not express a func- 
murine J558L cell. tional immunoglobulin capable oI" specifically binding anti- 

30. A method as recited in claim 21 ^wherein the immu- A n gc 5:> A , , . , . , . „_ T . 
noglobulin emprise* ifao variable region found in a first 4 , ^-^^^^x^cl^l^ttm^^^ 
n»ToQ»IJu> source and comprises the constant region found Q^^LZ? P">duce a„y lmniU no- 

, i - , , , , I t - globulin chains, 

m a second mammahan specks, said second mammalian 39. A method as recited in claim 37 wherein prior to step 

species being other than the first mammahan species. (a) ^ cdIei]dog e n ousIy produces an immunoglobulin light 

31. A method for producing a functional anngen-bindmg ^ cha£n 0r ^ mmunuK i u bulin heavy chain, but not both 
protein compxiMng 40. A method as recited in claim 37 wherein the first chain 

i) a first chain comprising an immunoglobulin heavy comprises a constant region. 

chain variable domain and an mimimoglobulin heavy 41, a method as recited in claim 39 wherein the antigen- 
chain constant domain and binding protein comprises the heavy and light chain variable 

ii) a second chain comprising an immunoglobulin light sn domains are from a first mammalian species and comprises 
chain variable domain and an immunoglobulin light the heavy and light chain constant domains arc from a 
chain constant domain,, ; second mammalian species, said second mammalian species 

wherein the method comprises the steps of: ^ c i fl S other than ihc first mammalian species. 

(a) transfectin^ a transformed mammalian lymphocytic 42. A method as recited in claim 40 wherein the antigen- 
cell with a first DNA molecule. coding for the first 55 binding protein comprises the heavy and light chain variable 
chain of the protein; domains are from a first mammalian species and comprises 

(b) transfecting the cell with a second DNA molecule, the heavy and light chain constant regions arc from a second 
said second DNA molecule coding for the second mammalian species, said second mammalian species being 

chain of the protein; and other thim the first mammalian species 

(c) mamtiiining the cell in a nutrient medium, so that 60 43* A method for producing a functional antigen-binding 
the cell expresses the first and; second DNA mol- protein comprising 

cculcs and the resultant chains are intraccllularly i)a first chain comprising an immunoglobulin heavy 

assembled together to form die protein which is then chain variable domain a.nd an immunoglobulin heavy 

secreted in a form capable of specifically binding to chain constant domain and 

antigen • 65 ii) a second chain comprifdng an immunoglobulin light 

wherein prior to step (a) the coll docs not express a func- chain variable domain and an immunoglobulin light 

tional antigen-binding protein. chain constant domain. 
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wherein the method comprises the steps 

(a) maintaining in a nutrient medium a transformed 
mammalian lymphocytic cell, said IcelJ having been 
trans fected with a first DNA molecule coding for the 
first chain of the protein and a second DNAmoIeculc 
coding for ibe second chain of the protein; 

(b) expressing from said cell the first and jsecond chains 
functionally assembled together to form said protein 
which is then secreted in a form capable or binding 
antigen; and j jj ^ 

(c) recovering said antigen-binding pirptein, 
wherein prior to being transfected, the jjcell does not 

express a functional immunoglobulin capable of 
specifically binding antigen. ! M 

44. Aniethodasi^ciCedmclahn43wbeniilflpriortostep 15 
(a) the cell does not endogenously produce I any immuno- 
globulin chains, i [ 

45. A method as recited in claim 43 wherein prior to step 
(a) the cell cndDgenously produces an immimaglobulin light 
chain or an immunoglobulin heavy chainj pui not both. 

46- A method as recited in claim 43 wberein the iirst chain 
comprises a constant region. j J, 

47. A method as recited in claim 43 wbereinjthc heavy and 
light chain variable domains are from a | first mammalian 
species and the heavy and light chain constant domains arc ?s 
from a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

48. A method as recited in claim 46 wherein' the heavy and 
light chain variable domains arc from a unit mammalian 
species and the heavy and light chain constant regions are 
from a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

49. A transformed mammalian lymphocytic cell produc- 
ing a functional antigen-binding protein comprising 

i) a first chain comprising an immunoglobulin heavy 
chain variable domain and an immunoglobulin heavy 
chain constant domain and 
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h) a second chain comprising an immunoglobulin light 
chain variable domain and an immunoglobulin light 
chain constant domain, j i 1 

wherein the transformed mammalian I lymphocytic cell 
comprises: | j i 

(a) a first exogenous DNA molecule coddng for the first 
chain of the protein; and 'j ■ 

(b) a second exogenous DNA molecule, said second 
DNA molecule coding for the second chain of the 
protein; ' i 

wherein without the exogenous DNA mbleculcs the cell 
does not express a functional antigen-binding protein. 

50. A transformed mammalian lymphocytic cell as recited 
in claim 49 wherein wiihout the exogenous DNA molecules 
the cell does not endogonously produce any jimmunoglobu- 
lin chain*. , I I 

51. A transformed mammalian lymphocytic cell as recited 
in claim 49 wherein without the exogenous DNA molecules 
the ceJl endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain J but not bo lb- 

52. Atmnslormed ammonal! an lymphocytic eel) as recited 
in claim 49 wherein the first chain comprises a constant 
region- , i | 
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53. A transformed mammalian lymphocytic cell as recited 
in claim 49 wherein the heavy and light chain variable 
domains are from a first mammalian species and the heavy 
and light chain constant domains are from a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species, 

54. A transformed mammalian lymphocytic cell as recited 
in jelaim 52 wherein the heavy and light chain variable 
domains are from a first mammalian species and the heavy 
and fight chain constant regions are Cram a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species. 

ip5. A transformed mammaJiarj lymphocytic cell produc- 
a functional antigen-binding protein comprising 

i[) a first chain comprising an immunoglobulin heavy 
chain variable domain a ad an immunoglobulin heavy 
chain constant domain and 
Ji) a second chain comprising an immunoglobulin light 
chain variable domain and an immunoglobulin light 
chain constant domain, 
wherein the transformed mammalian lymphocytic cell 
comprises: 

:i pla.smid comprising a first exogenous DNA molecule . 
coding for the first chain of the protein aad a second 
exogenous DNA molecule coding for the second cbavn 
of Lhe protein; and 
wherein without the exogenous DNA molecules the cell 
does not express a functional antigen- binding proLein. 

56. A transformed mammalian lymphocytic cell as recited 
in claim 55 wherein without the exogenous DNA molecules 
the cell does not endogenously produce any immunoglobu- 
lin! c ^ a " IS- 

57. A transformed mammalian lymphocytic cell as recited 
in <:laira 55 wherein without the exogenous DNA molecules 
the cell endogenously produces an immunoglobulin lighl 
chain or an immunoglobulin heavy chain, but not both. 

A transformed mammalian lymphocytic cell as recited 
in J claim 55 wherein the first chain comprises a constant 
region- 

59. A transformed mammalian lymphocytic cell ha recited 
in claim 55 wherein the heavy and light chain variable 
domains are from a first mammalian species and the heavy 
add light chain constant domains arc from a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species. 

60. A transformed mammalian lymphocytic cell as recited 
in claim 58 wherein the heavy and light chain variable 
domains arc from a first mammalian species and the heavy 
and light chain constant regions are from a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species. 

jdl- A transformed mammalian lymphocytic cell produced 
by steps (a) and (b) of claim 31- 

62. A transformed mammalian lymphocytic cell produced 
by step (a) of claim 37. 
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